The Passaúna catchment is part of the Upper Iguaçu watershed and includes a water supply reservoir for over 500,000 inhabitants of Curitiba metropolitan region. The aim of this study was to establish the state of reservoir water quality, and whether it has undergone any recent medium-and long-term variations. A physical-chemical-biological assessment was undertaken using nine indicators and three indexes:
Index-based and compliance assessment of water quality for a Brazilian subtropical reservoir For example, the Water Quality Index (WQI) was developed by the United States National Sanitation Foundation (NSF) for assessing the quality of source waters prior to treatment for public supply, being adapted to suit a variety of application contexts (e.g., ABTAHI et al., 2015; FINOTTI et al., 2015; SUN et al., 2016) , including a version for reservoirs (IAP, 2004; 2009; 2017) . Several Trophic State Index (TSI)
versions have been developed to assess the eutrophication risk or state of a water body (CARLSON, 1977; LAMPARELLI, 2004) . The trophic response of temperate reservoirs may differ significantly from that of their tropical or subtropical counterparts (CUNHA et al., 2013) .
Biomonitoring complements the assessments of environmental quality based on physical and chemical data. Thus, macroinvertebrates have been used in river and reservoir water quality assessments due to their responsiveness to different stressors, to having a cosmopolitan distribution, to being relatively immobile, and to their relatively long lifecycles (MANDAVILLE, 2002) . Macroinvertebrate-related indexes tuned into local conditions can reflect the overall degradation state of a water body, particularly when representing aquatic ecological diversity, as indicated by the Shannon-Weaver Index (H') (CETESB, 2012; GHOSH; BISWAS, 2015) . Low macroinvertebrate diversity has been associated with water quality deterioration (WILHM; DORRIS, 1968; GHOSH; BISWAS, 2015) , physical alterations, changes in sediment composition, vegetation cover and water levels at the photic zone (MANDAVILLE, 2002; BAPTISTA, 2008) . A large proportion of these organisms tends to live in association with the substrate and any macrophytes present, usually, in the littoral zone of reservoirs (TUNDISI; TUNDISI, 2008; THORP; ROGERS, 2015) .
Water supply for the city of Curitiba largely relies on four reservoirs, one of which was implemented in the mid-to-low reaches of the Passaúna river (impoundment location: UTM 7175247, 661689).
For management purposes and in line with the Brazilian National Water Resources Policy, the Passaúna reservoir water should be con- and to assess the level of compliance of water quality parameters with the Brazilian regulatory standards, also from a historical perspective for the reservoir.
MATERIAL AND METHODS
The DO: 5 mg.L -1 (lower limit); pH: between 6,0 and 9,0; and Tu: 100 NTU (upper limit). The full time series of each indicator was contrasted with its corresponding limit(s) using frequency curves of water quality data.
Water quality frequency curves have been gradually adopted as a water resource management tool to help identify the exceedance probability 
In which: i = each parameter in turn; w = the parameter weight; q = a quality factor, i.e., a value from 100 (best) to 0 (worst) associated with the indicator monitoring results by means of a pre-defined conversion curve.
A WQI result thus calculated is interpreted in the state of Paraná, Brazil, as: very good for 100>WQI>91; good for 90>WQI>71; average for 70>WQI>51; poor for 50>WQI>26; very poor for 25>WQI.
Alternative WQI formulations have been developed and used in different contexts, which vary in terms of specific parameters included, as well as the relative weight distribution among indicators (e.g., HOU et al., 2016; SUN et al., 2016; TOMAS et al., 2017) . When using a WQI formulation, such as outlined above to diagnose water quality for a given location, the effect of partial data unavailability on the indicating ability of the index is unknown, in principle. It likely depends on which parameters are excluded (e.g., due to monitoring and/or analysis constraints) in terms of local relevance and relative contribution (weight) to WQI computation. Hence, Abtahi et al. (2015) undertook a sensitivity analysis of alternative WQI formulations, and found little effect of individual parameters on the overall index result for a given application, which was explained by the index robustness.
In this study, WQI calculation for complete samples for the Passaúna reservoir followed the WQI calculation approach of the Brazilian National Water Agency and is referred to herein as the standard index composition. For incomplete samples, the weights of any missing parameters were redistributed amongst the others, by observing the original weight proportion to maintain the relative importance of the remaining parameters as per the standard formulation. Then, a sensitivity analysis of the WQI results was conducted to infer on the effect of using adjusted WQI values amidst a dataset mostly comprising WQI results obtained using the standard index composition.
Analysis of the eutrophication potential of the reservoir with TSI was carried out using historical TP data and Equation 2
(LAMPARELLI, 2004):
In which:
The trophic state classification follows ultraoligotrophic for TSI<47; oligotrophic for 47<TSI<52; mesotrophic for 52<TSI<59; eutrophic for 59<TSI<63;
super-eutrophic for 63<TSI<67; hypereutrophic for TSI>67.
Equation 2 has been selected instead of the classical formulae (e.g., by CARLSON, 1977) , because it is more suitable to subtropical reservoirs (CUNHA et al., 2013) .
Correlation analysis based on Spearman's rank correlation coefficient Both benthic and Eicchornia crassipes macrophyte-associated communities were monitored following appropriate protocols (CETESB, 2012). They were later subjected to laboratorial identification to the level of family. Sampling of benthic organisms took place over four campaigns, with two of them being in dry conditions and two in wet ones. A further wet campaign was undertaken for sampling macrophytebound organisms, to assess H' correspondence in another compartment.
To determine habitat diversity, H' was computed as Equation 3:
In which: 
RESULTS AND DISCUSSION

Compliance Assessment
From the 121 time series samples , 55% were fully compliant in terms of the seven parameters considered in this analysis. The most frequently compliant parameters were pH and Tu, with 100% of samples, followed by DO with 99%, BOD with 93% and TN with 91%. Historically, the least compliant parameters were TP (68%) and TC (72%), with the corresponding frequency curves being illustrated in Figure The present compliance analysis generally corroborates earlier assessments of Passaúna reservoir as one of the best preserved large public water supply sources not only in the state of Paraná (e.g., IAP, 2017), but also in the context of water bodies situated in densely populated urban regions in Brazil (e.g., ANA, 2017) . This is likely a beneficial long-term effect of management and regulatory instruments implemented in the watershed, such as the EPA and EEZ. However, it may also result from improved sanitation in the region (CASTRO et al., 2017) .
Water Quality Index and Trophic State Index Assessments
The WQI results for the 1991-2014 period were firstly evaluated in terms of the percentage of samples in each category, which resulted in very poor (0%), poor (2%), average (17%), good (63%), and very good (18%). A direct comparison with index results reported in IAP (2017) could not be made due to discrepant index versions and corresponding quality classes. Historically and in terms of WQI quality factors (q), TC was the most critical water quality parameter for the reservoir, followed by turbidity and, occasionally, BOD. This can be observed in Figure (calculated using less than nine parameters, as explained above).
When only standard WQI results were considered over the same period, a significant overall trend of moderate increase regarding time was also observed (Spearman's ρ=0.52 with two-tailed p=0.005). Thus, the analy- IAP ( 2009; 2017) in confirming the oligomesotrophic condition of the reservoir. With no statistically significant longer-term trend identified, TSI oscillation is probably related to seasonal and other short-term effects.
Shannon-Weaver Index Assessment of Macroinvertebrate Diversity
The macroinvertebrate communities taken together had H'=1.6, a value which was also obtained for the periphytic macroinvertebrate community alone.
The benthic community was slightly less diverse under both wet (H'=1.4) and dry conditions (H'=1.2), probably due to more habitat opportunities The levels of DO, considered a limiting factor for community composition, remained within the acceptable range for the analysis period. Thus, these H' results may have happened due to altered levels of other chemicals and/or physical habitat issues. This will be investigated further through a more in-depth assessment of the macroinvertebrate community composition and extension of a water quality monitoring program to enhance spatial and temporal coverage and resolution.
CONCLUSION
The analyses showed that, for most samples, the reservoir water quality was mostly good, while the trophic state oscillated between mesotrophic and oligotrophic. The reservoir was also found to be moderately impacted in terms of macroinvertebrate diversity, and mostly compliant with 
